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Introduction: Bacterial resistance to penicillins and cephalosporins1'2 is affected by a family of enzymes known
as B-lactamases, which hydrolyze the N-C(=0) lactam bond before the antibiotic reaches its target. Approximately
20 of the over 300 known B-lactamases require one or two equivalents of Zn(ll) for activity and generally display
very broad substrate profiles. ® The metallo- -B-lactamases divide into three classes based on their activity with an
intact dinuclear metal site, and based on their quaternary structure. All characterized examples show relatively
high (> 70%) activity with a single equivalent of Zn(II) Most of the enzymes show increased reactivity with two
metal ions, and these hydrolyze a broader array of -lactam antibiotics than any of the related serine hydrolases.
The known exceptions are three metallo-B-lactamases (two from Aeromonas®® and one from Burkholderia’ ) that
are inhibited by the presence of the an intact metal cluster (“2 -metal inhibited”), and these enzymes display very
narrow substrate profiles, much like the serine hydrolase lactamases. A cartoon depicting the general structure of
the active sites is shown in Figure 1 (the tetrameric “2" “_metal activated” L1 from S. maltophila replaces the
cysteine on Zn, with a histidine).

The current studies were intended to accomplish two goals. The first was to establish the identity of the active
form of the “2™-metal inhibited” lactamase imiS from A. sobria. The second goal was to establish a baseline for
time-dependent studies to come. This involved characterization of examples from all three classes of metallo-f3-
lactamases, in both the native Zn(Il) and Co(ll)-substituted forms, in their restrng state.

The active form of imiS. We examined the active site structure of the “2™ metal inhibited” lactamase imiS with
one and two equivalents of Zn(ll) present. Fourier transforms of the Zn and Co K-edge EXAFS data are shown in
Figure 2. The major peak in the FT for mono-Zn imiS (Figure 2, top) appears at R + o = 1.6 A, with a shoulder to
higher R. These data can only be adequately modeled by the inclusion of a single sulfur donor, consistent with
occupation of the Zn;, site (Figure 1). This result has been verified, and contradicts the previous assumption that
the active form of imiS includes a single Zn(ll) ion bound at the Zn; site.

Resting state p-lactamases. The di- Co derivatives of the B-lactamases are catalytically competent, although
they are slower than the di-Zn enzymes. ® The di-Co derivatives offer the possibility to monitor changes in
structure between the native Zn enzymes and their Co-substituted derivatives by other techniques. We have
measured preliminary data on the Zn and Co forms of members of all three classes of metallo-B-lactamase. In all
three cases, the EXAFS data demonstrate that the Co-for-Zn substitution is structurally valid. In addition,
comparison of the mono- and di-substituted datasets show a clear metal-metal interaction in the dinuclear
enzymes (see Figure 2), consistent with a Zn-Zn/Co-Co distance of ~ 2.7 A. In upcoming experiments, we will
characterize a mixed-metal Co/Zn version of L1.
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Figure 1. General structure of the metallo-B-lactamase
dinuclear active site.
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Figure 2. FTs of Zn and Co imiS EXAFS.



